On 16 March 2014, the State Council of China launched its first urbanization planning initiative dubbed "National New Urbanization Planning (2014-2020)" (NNUP). NNUP put forward 20 urban agglomerations and a sustainable development approach aiming to transform traditional Chinese urbanization to sustainable new urbanization. This study quantitatively evaluates the level of sustainability of the present new urbanization process in 20 Chinese urban agglomerations and provides some positive suggestions for the achievement of sustainable new urbanization. A three-level index system which is based on six fundamental elements in a city and a Full Permutation Polygon Synthetic Indicator evaluation method are adopted. The results show that China is undergoing a new urbanization process with a low level of sustainability and there are many problems remaining from traditional urbanization processes. There exists a polarized phenomenon in the urbanization of 20 urban agglomerations. Based on their own development patterns, the 20 urban agglomerations can be divided into seven categories. Every category has its own development characteristics. The analyses also show that waste of water resources, abuse of land resources, and air pollution are three big problems that are closely linked to traditional Chinese urbanization processes. To achieve sustainable new urbanization in China, four relevant suggestions and comments have been provided.
Introduction
Urbanization plays an important and indispensable role in China's development from a state of backwardness to one of prosperity [1] . However, it is well known [2] that due to the rapid and disorderly mode of development involved in traditional urbanization, a variety of social and environmental issues are increasingly arise such as: lack of resources, air and water pollution, biodiversity reductions, the proliferation of social conflicts, the distortion of residents' values, and housing shortages [3] [4] [5] [6] [7] . These challenges brought about by traditional urbanization have led to wide recognition of the need for effective implementation of some new development principles within the Chinese urbanization process [8] .
It is within this context that on 16 March 2014 the State Council of China promulgated the "National New Urbanization Planning (2014-2020)" (NNUP). NNUP is the first urbanization planning initiative to be published and implemented by the Chinese government that aims to pull China out of the swamp of traditional urbanization, signifying China is in a key transition period shifting from According to Figure 1 , the 20 urban agglomerations cover most urbanization regions in China except for Tibet, Qinghai and other sparsely populated areas. The 20 urban agglomerations include four municipalities, 184 (65.32% of the total in China) prefecture-level cities, 231 (62.77%) county-level cities, and 11,787 (60.73%) small towns. These four municipalities and 184 prefecture-level cities define this study's geographical scope (Figure 1 ). There are two commonly used classification methods of the 20 urban agglomerations. According to the national planning strategy, the 20 urban agglomerations can be classified into three levels [35] . Yangtze River Delta, Pearl River Delta, Beijing-Tianjin-Hebei, Middle Yangtze River, and Chengdu-Chongqing are five national urban agglomerations. They account for 9.06% of China's total territory, 35.15% of its construction land area, 43 .38% of the urban population, 46 .68% of GDP, and 39.11% of total fixed investment. National urban agglomerations all have national core cities (such as Shanghai in Yangtze River Delta) as the focus of development and have become powerful growth poles that drive national socio-economic development and have worldwide influence. The functional localization of national urban agglomerations is leading to their evolution in becoming world-class urban agglomerations. Mid-southern Liaoning, Shandong Peninsula, West Taiwan Strait, Hachang, Central Plains, Yangtze-Huaihe River, Guanzhong, Beibu Gulf, and Northern Tianshan Mountain comprise nine regional urban agglomerations. They account for 9.84% of China's total territory, 25.48% of its construction land area, 28.04% of the urban population, and 31.8% of total fixed-asset investment. Regional urban agglomerations all have regional core cities such as Jinan in Shandong Peninsula that are the focus of development with sound urban systems, huge natural resource potential, and a considerable sphere of influence. The functional localization of regional urban agglomerations is driving the regional socio-economic development by enhancing the functions of central cities, promoting the division of labor and improving infrastructure. Jinzhong, Hu-Bao-E-Yu, Dianzhong, Qianzhong, Lanzhou-Xining, and Ningxia yellow river are six provincial urban agglomerations. They account for 6.92% of China's total land space, 6 .39% of its construction land area, 6 .55% of its urban population, 6 .08% of GDP, and 6.58% of total fixed-asset investment. Most provincial urban agglomerations are still in the early stages of urban agglomeration development and only play an important role in the social-economic development of a relatively small area such as a According to Figure 1 , the 20 urban agglomerations cover most urbanization regions in China except for Tibet, Qinghai and other sparsely populated areas. The 20 urban agglomerations include four municipalities, 184 (65.32% of the total in China) prefecture-level cities, 231 (62.77%) county-level cities, and 11,787 (60.73%) small towns. These four municipalities and 184 prefecture-level cities define this study's geographical scope (Figure 1 ). There are two commonly used classification methods of the 20 urban agglomerations. According to the national planning strategy, the 20 urban agglomerations can be classified into three levels [35] . Yangtze River Delta, Pearl River Delta, Beijing-Tianjin-Hebei, Middle Yangtze River, and Chengdu-Chongqing are five national urban agglomerations. They account for 9.06% of China's total territory, 35.15% of its construction land area, 43 .38% of the urban population, 46 .68% of GDP, and 39.11% of total fixed investment. National urban agglomerations all have national core cities (such as Shanghai in Yangtze River Delta) as the focus of development and have become powerful growth poles that drive national socio-economic development and have worldwide influence. The functional localization of national urban agglomerations is leading to their evolution in becoming world-class urban agglomerations. Mid-southern Liaoning, Shandong Peninsula, West Taiwan Strait, Hachang, Central Plains, Yangtze-Huaihe River, Guanzhong, Beibu Gulf, and Northern Tianshan Mountain comprise nine regional urban agglomerations. They account for 9.84% of China's total territory, 25.48% of its construction land area, 28.04% of the urban population, and 31.8% of total fixed-asset investment. Regional urban agglomerations all have regional core cities such as Jinan in Shandong Peninsula that are the focus of development with sound urban systems, huge natural resource potential, and a considerable sphere of influence. The functional localization of regional urban agglomerations is driving the regional socio-economic development by enhancing the functions of central cities, promoting the division of labor and improving infrastructure. Jinzhong, Hu-Bao-E-Yu, Dianzhong, Qianzhong, Lanzhou-Xining, and Ningxia yellow river are six provincial urban agglomerations. They account for 6.92% of China's total land space, 6.39% of its construction land area, 6.55% of its urban population, 6.08% of GDP, and 6.58% of total fixed-asset investment.
Most provincial urban agglomerations are still in the early stages of urban agglomeration development and only play an important role in the social-economic development of a relatively small area such as a province. The main function of provincial urban agglomerations is absorbing rural migrants and nurturing metropolitan areas. In addition, according to the spatial variation in development of the economy, Chinese territory can be divided into three economic districts, called the eastern economic district, middle economic district and western economic district. The 20 urban agglomerations can be divided into seven eastern urban agglomerations, six middle urban agglomerations, and seven western urban agglomerations based on the economic district an urban agglomeration lies in (as shown in Figure 1 ).
Giving Chinese New Urbanization a Core and Scientific Guiding Principle-Sustainable Development
A city is a composite of various basic elements such as people, road, buildings, commerce, and communication, etc. Chinese traditional urbanization is basically a process of simple amassment of these elements [1, 9, 22] , as shown in Figure 2 . It is mentioned in Section 1 that the lack of a scientific guiding principle in traditional urbanization has caused lots of paradoxes and problems. In order to achieve sustainable new urbanization, NNUP incorporates sustainable principles into each city element ( Figure 2 ). For instance, the economic use of water and adopting eco-friendly business environments are two forms of sustainable development with respect to water resources and economic elements. In this paper, the authors identify six fundamental elements, namely people, natural resources, natural environment, society, economy, and urban-rural relationship that make up a city [17, 32, 33, 36] . As shown in Figure 3 , people are the soul driving force of a city; natural resources and natural environment are two essential material bases of a city. Society, economy and the urban-rural relationship are as a result of the interaction between people, natural resources and the natural environment. According to related studies, these six elements fully characterize the urbanization development status of a city [17, 37, 38] . Figure 2 demonstrates the embodiment of sustainable development principles within these six elements in NNUP. They are described as shown below. province. The main function of provincial urban agglomerations is absorbing rural migrants and nurturing metropolitan areas. In addition, according to the spatial variation in development of the economy, Chinese territory can be divided into three economic districts, called the eastern economic district, middle economic district and western economic district. The 20 urban agglomerations can be divided into seven eastern urban agglomerations, six middle urban agglomerations, and seven western urban agglomerations based on the economic district an urban agglomeration lies in (as shown in Figure 1 ).
A city is a composite of various basic elements such as people, road, buildings, commerce, and communication, etc. Chinese traditional urbanization is basically a process of simple amassment of these elements [1, 9, 22] , as shown in Figure 2 . It is mentioned in Section 1 that the lack of a scientific guiding principle in traditional urbanization has caused lots of paradoxes and problems. In order to achieve sustainable new urbanization, NNUP incorporates sustainable principles into each city element ( Figure 2 ). For instance, the economic use of water and adopting eco-friendly business environments are two forms of sustainable development with respect to water resources and economic elements. In this paper, the authors identify six fundamental elements, namely people, natural resources, natural environment, society, economy, and urban-rural relationship that make up a city [17, 32, 33, 36] . As shown in Figure 3 , people are the soul driving force of a city; natural resources and natural environment are two essential material bases of a city. Society, economy and the urban-rural relationship are as a result of the interaction between people, natural resources and the natural environment. According to related studies, these six elements fully characterize the urbanization development status of a city [17, 37, 38] . Figure 2 demonstrates the embodiment of sustainable development principles within these six elements in NNUP. They are described as shown below. (1) "People-centred", contrary to "material-centred", is the core of "scientific outlook on development". It pursues free and comprehensive development of humanity, trying to fully improve the quality of life of people living in a city. NNUP strongly emphasizes three widely accepted factors that will influence the quality of life of people: namely, job, housing, and consumption level. (1) "People-centred", contrary to "material-centred", is the core of "scientific outlook on development". It pursues free and comprehensive development of humanity, trying to fully improve the quality of life of people living in a city. NNUP strongly emphasizes three widely accepted factors that will influence the quality of life of people: namely, job, housing, and consumption level.
(2) Efficient use of natural resources could be regarded as the most intuitive reflection of sustainable development in these six elements. To achieve this, significant effort has been made in China. In NNUP, this concerns the main kinds of resources, such as water, land, electricity, and space. For some resources, NNUP even points out clear quantitative requirement, such as "area of urban construction land per capita should be strictly controlled within 100 square meters".
(3) Sustainable society is a comprehensive concept. It covers almost every aspect of people's lives. In NNUP, the current growing concerns for Chinese people, such as improving the quality of education and science, preserving the characteristics of local culture, increasing the standard of medical care, and perfecting the transportation and infrastructure, are all involved.
(4) Sustainable economy stresses that China should improve the development structure and quality of the economy while maintaining a high GDP level. In NNUP, accelerating the growth of tertiary industries, stimulating domestic demand, and reducing emissions wastage of economic outputs are considered as necessary methods to improve economic structure and quality. A sustainable economy is the only way to pull China out of the quagmire of its rather poor economic development status.
(5) Low-carbon and eco-city address sustainable development from the perspective of environmental protection, which has always been difficult because of economic growth imperatives. NNUP proposes some frequently-used solutions, such as reducing the discharge of pollution gases, increasing the ratio of city waste treatment, protecting the city greenery, etc.
(6) With the rapid rise of conflicts between urban and rural areas in recent years, the urban-rural relationship is becoming a key element of the cityscape [3] . Urban-rural integration is put forward by NNUP separately. It stresses gradually eliminating the difference in levels of development between the city and rural areas. Currently, urban and rural income and consumption disparities are designated as a first priority within the NUPP. (2) Efficient use of natural resources could be regarded as the most intuitive reflection of sustainable development in these six elements. To achieve this, significant effort has been made in China. In NNUP, this concerns the main kinds of resources, such as water, land, electricity, and space. For some resources, NNUP even points out clear quantitative requirement, such as "area of urban construction land per capita should be strictly controlled within 100 square meters".
(6) With the rapid rise of conflicts between urban and rural areas in recent years, the urban-rural relationship is becoming a key element of the cityscape [3] . Urban-rural integration is put forward by NNUP separately. It stresses gradually eliminating the difference in levels of development between the city and rural areas. Currently, urban and rural income and consumption disparities are designated as a first priority within the NUPP. 
Materials and Methods

Index System
A complete index system is an essential tool for quantitatively assessing the level of sustainable new urbanization. Ever since the concept of new urbanization was first put forward by the 16th National Congress of Communist Party of China in 2002, numerous new urbanization index systems have been proposed [1, 10, 19, 39] . However, due to lack of systematic new urbanization planning guidance, most of them cannot fully capture the contents of NNUP. For instance, most of them lack indicators to measure factors such as per capita building space, the network density of different pipes, annual average concentration of PM2.5, and urban-rural integration, etc. However, all the indicators mentioned above are clearly required and emphasized by NNUP. In our study, an assessment index system is developed according to the systematic analyses of NNUP described in Section 2. As shown in 
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A complete index system is an essential tool for quantitatively assessing the level of sustainable new urbanization. Ever since the concept of new urbanization was first put forward by the 16th National Congress of Communist Party of China in 2002, numerous new urbanization index systems have been proposed [1, 10, 19, 39] . However, due to lack of systematic new urbanization planning guidance, most of them cannot fully capture the contents of NNUP. For instance, most of them lack indicators to measure factors such as per capita building space, the network density of different pipes, annual average concentration of PM2.5, and urban-rural integration, etc. However, all the indicators mentioned above are clearly required and emphasized by NNUP. In our study, an assessment index system is developed according to the systematic analyses of NNUP described in Section 2. As shown in Table 1 , this proposed assessment index system is a three-level index system, including a comprehensive indicator, first level indicators, and basic level indicators. The comprehensive indicator is the level of sustainable new urbanization which is the research focus of this paper. The six first and 25 basic level indicators are in accordance with the sustainable development principles implied in NNUP incorporating six fundamental elements. According to relevant research [20, 32, 38] , the establishment of this index system is in accordance with the principles of scientificity, measurability, hierarchy, accessibility and completeness. Details of definitions and calculation of the index system are shown in the Appendix. 
Data Sources
The data utilized in this study can be divided into three categories: statistical data, urban plan data, and environmental data. The statistical data are derived from "China Urban Construction Statistical Yearbook, 2012" [40] , "China City Statistical Yearbook, 2013" [41] , and "China Statistical Yearbook for Regional Economy, 2013" [42] . The urban plan data are collected from each city's statistical bulletin as per the year 2012. The environmental data (PM2.5) are obtained from Socioeconomic Data and Applications Center (SEDAC) of National Aeronautics and Space Administration (NASA) [43] . These data are assimilated in MATLAB ® platform to generate indicator values. Details of data sources of the index system are shown in the Appendix.
A Full Permutation Polygon Synthetic Indicator Method
Selecting a suitable evaluation method is an important task after establishing a comprehensive index system. It is worth mentioning that when using urban agglomerations as a study object, the standard of choosing a suitable evaluation method is different from using cites as the study object. In simple terms, for a single city, an evaluation method only needs to combine all the indicator values into a synthetic value. However, for an urban agglomeration, an evaluation method further needs to be able to combine all the synthetic values of cities into a more comprehensive value. Because of this and considering the principles of the most commonly used evaluation methods, such as principal component analysis (PCA), entropy method, and analytic hierarchy process (AHP) etc., the authors find that they are all not capable of completing a full evaluation of urban agglomerations alone. For instance, if we use an entropy method to conduct the evaluation, the score of comprehensive indicators of every city can be obtained easily. However, the entropy method is unable to combine all the scores of cities contained in an urban agglomeration into a synthetic value, thus supplementary methods such as an averaging method are needed. Undoubtedly, this discontinuity in the evaluation method will weaken the credibility of the final result. In this paper, A Full Permutation Polygon Synthetic Indicator method (FPPSI) is adopted. The biggest advantage of FPPSI is that it can conduct the calculation in an iterative manner which can well solve the problem of discontinuity. Moreover, previous studies [38, 44, 45] also show that it can alter the traditional additive approach to combining indicators by using a multi-dimensional approach that better reflects the integrative system principle that the whole is more than the sum of its parts. At the same time, sufficient credibility and reasonability have also been shown. The principles of FPPSI are as follows:
Suppose there are n indicators, an equilateral n-sided polygon is created based on the upper limits of each of n indicators. The radius at each vertex is defined using a normalized value of 1.0. Then, an irregular n-sided polygon is created by the normalized actual values of each of n indicators. Thus, there are aggregately (n´1)!/2 arrangements of this irregular n-sided polygon. The synthetic indicator is defined as the mean of area of all these irregular n-sided polygons to the area of the equilateral n-sided polygon.
The standardization process can be described as follows:
where F(x) meets the following conditions:
where U, L, and T represent the upper limit, the lower limit and the threshold of parameter X, respectively. In this paper, U, L, T represent the max (mini) value, mini (max) value, and mean value of positive (negative) indicator, respectively. Then
For indicator i, the normalized value S i is:
As shown in Figure 4 , an outer equilateral n-sided polygon can be formed by n indicators with the n vertices representing S i = 1 and the central point representing S i =´1. An inner equilateral n-sided polygon that lies between the outer polygon and the center of the polygon represents the threshold values of indicators, where S i = 0. Inside the inner polygon, the standardized indicator values are negative and outside the inner polygon, the standardized indicator values are positive. There are n × (n − 1)!/2 = n!/2 triangles created from (n − 1)!/2 arrangements of irregular n-sided polygon. The sum area is:
The area of outer polygon can be calculated as 0.5 × 4 × n. So, the value of FPPSI can be obtained by the following ratio:
where S is the value of the synthetic indicator.
Results
Analyses Based on Comprehensive Indicator
According to Table 2 , Yangtze River Delta is the urban agglomeration with the highest level of sustainable new urbanization and Ningxia yellow river is the urban agglomeration with the lowest level of sustainable new urbanization. Pearl River Delta and Qianzhong are second from the top and bottom, respectively. All 20 urban agglomerations scored a value below 0.5 implying that, in China in 2012, low levels of sustainability were achieved. Low Max/Min and CV values (Table 3) indicate that the development disparities among the 20 urban agglomerations are small. There are nˆ(n´1)!/2 = n!/2 triangles created from (n´1)!/2 arrangements of irregular n-sided polygon. The sum area is:¨0 .5sin´π n¯ÿ
The area of outer polygon can be calculated as 0.5ˆ4ˆn. So, the value of FPPSI can be obtained by the following ratio:
Results
Analyses Based on Comprehensive Indicator
According to Table 2 , Yangtze River Delta is the urban agglomeration with the highest level of sustainable new urbanization and Ningxia yellow river is the urban agglomeration with the lowest level of sustainable new urbanization. Pearl River Delta and Qianzhong are second from the top and bottom, respectively. All 20 urban agglomerations scored a value below 0.5 implying that, in China in 2012, low levels of sustainability were achieved. Low Max/Min and CV values (Table 3) indicate that the development disparities among the 20 urban agglomerations are small. According to Table 3 , based on the two classification results of 20 urban agglomerations, the rank of sustainable new urbanization level are national urban agglomerations > regional urban agglomerations > provincial urban agglomerations and eastern urban agglomerations > middle urban agglomerations > western urban agglomerations. Further analyses of Mean values show that the development disparity among eastern, middle and western urban agglomerations is bigger than that among national, regional and provincial urban agglomerations. Max/Min values indicate that there are slightly larger score differences in national urban agglomerations and eastern urban agglomerations. As shown in Table 3 , Chengdu-Chongqing (rank 18) and Beibu Gulf (rank 14) is far below Yangtze River Delta (rank 1).
The CV values are generally lower than 0.1, except for national urban agglomerations which score 0.128. This implies that though all six types of urban agglomerations show weak score variability, and there is stronger score variability in national urban agglomerations when comparing with others. As shown in Table 2 , the five national urban agglomerations vary for numbers 1, 2, 4, 9, and 18. 
Analyses Based on Six First Level Indicators
Development of Six First Level Indicators
According to Table 4 , the ranking of six first level indicators is sustainable society > comfort of life > development efficiency > urban-rural integration > environment protection > sustainable economy. The mean score for sustainable society is higher compared to other indicators which present little difference. This indicates that, in the past few decades, the Chinese government has an obvious national policy inclination towards the development of a sustainable society. On the other hand, environmental protection and a sustainable economy perform poorly with sustainable economy scoring the lowest. This implies, to some extent, better social development is achieved at the cost of sustainable development of the environment and economy. This development irregularity reveals an obvious deficiency in traditional urbanization. In addition, the general low scores of mean values, Max/Min values, and CV values (Table 4) indicate that, in each first level indicator, the developmental difference and variation among the 20 urban agglomerations are small. Compared with others, the indicator for urban-rural integration shows the biggest developmental difference and variation among the 20 urban agglomerations. 
Development of 20 Urban Agglomerations for Six First Level Indicators
According to Section 4.2.1, considering that the score differences of the 20 urban agglomerations in each first level indicator are too small to conduct more analyses, the authors adopt a normalization method, called Z-score, to amplify the differences. The Z-score normalization formula is Z " px i´x q {s
where x i is the raw score in each first level indicator to be standardized; x is the mean of 20 urban agglomerations; s is the standard deviation of the indicator. According to relevant research [46, 47] , a decision criterion based on the value of Z is shown in Table 5 . The Z scores of 20 urban agglomerations in six first level indicators are shown in Table 6 . Based on Tables 5 and 6 we calculate the distribution frequencies of Z scores of six first level indicators at the I, II, III, and IV level for every urban agglomeration. According to which level the highest distribution frequency belongs to, Figure 5 is established. It shows that Yangtze River Delta and Pearl River Delta possess higher levels of development for most first level indicators while Chengdu-Chongqing, Qianzhong, and Ningxia yellow river show large development deficiencies for most first level indicators. This implies that, in China, there exists a polarized phenomenon in the urbanization development of urban agglomerations. Further analyzing the Z score distribution frequency in I, II, III, and IV level for every urban agglomeration, it is found that the 20 urban agglomerations display other significant score distribution patterns (as shown in Table 7 ). According to this, we divide them into seven categories (Table 7) . Urban agglomerations in each category display similar development patterns. Based on Tables 6 and 7 the development details of every urban agglomeration can be summarized as follows. Chengdu-Chongqing, Qianzhong, and Ningxia yellow river show large development deficiencies for most first level indicators. This implies that, in China, there exists a polarized phenomenon in the urbanization development of urban agglomerations. Further analyzing the Z score distribution frequency in I, II, III, and IV level for every urban agglomeration, it is found that the 20 urban agglomerations display other significant score distribution patterns (as shown in Table 7 ). According to this, we divide them into seven categories (Table 7) . Urban agglomerations in each category display similar development patterns. Based on Table 6 and Table 7 , the development details of every urban agglomeration can be summarized as follows. Category 2: All six first level indicators of Lanzhou-Xining and Qianzhong score less than 0 and some are even less than´1, which means that Lanzhou-Xining and Qianzhong are two urban agglomerations that perform poorly (level III) or very poorly (level IV) for all six first level indicators. Different from urban agglomerations in category 1, these two urban agglomerations are located in fragile ecological areas coupled with traffic problems and poor natural resources. In this context, it can be predicted that it is a long and difficult task for the local governments to fully improve their level of sustainable new urbanization.
Category 3: Middle Yangtze River and Yangtze-Huaihe River are two urban agglomerations that some first level indicators of them perform well and the others perform badly, no indicators performing excellently or very badly. It means that they are two neutral development urban agglomerations. There possess no distinct development superiorities or deficiencies. They can try to develop one or two indicators to a high level in the future while ensuring the good development of other indicators.
Category 4: Pearl River Delta, Shandong Peninsula, Beijing-Tianjin-Hebei and Mid-southern Liaoning are four urban agglomerations that have one or two first level indicators performing badly and the others performing well or excellently. It indicates that these four urban agglomerations all have one or two development deficiencies. To be specific, Pearl River Delta has a low quality of life and low development efficiency which results from the influx of a large floating population and the rapid expansion of the city's size in the past few decades. The urban-rural difference of Shandong Peninsula is large which is caused by a government policy inclination towards improving urban incomes and consumption. The air pollution problems generated in the short term make Beijing-Tianjin-Hebei perform badly in environmental protection. Mid-southern Liaoning has low quality of life which is caused by the existence of lots of shanty towns and a large number of immigrants.
Category 5: Contrary to the urban agglomerations in category 4, Hachang, Central Plains, Guanzhong, Chengdu-Chongqing and Ningxia yellow river are five urban agglomerations that have one or two first level indicators performing well and the others performing badly or very badly. It indicates that though the overall development of these five urban agglomerations is low, they still have certain development superiorities. To be specific, Hachang has good development efficiency and low urban-rural difference. Central Plains' urban-rural difference is small. The development efficiency of Guanzhong and Chengdu-Chongqing is good. Ningxia yellow river does a good job in environmental protection. Similar to the urban agglomerations in category 2, the sustainable new urbanization development of these five urban agglomerations is restricted for various reasons. For instance, Central Plains is a main grain-producing area in China; thus, the development of other industries has been remarkably restrained. Likewise, as Ningxia yellow river is situated inland with a dry climate and scarce precipitation, the lack of water resources has always been a limiting factor for its development.
Category 6: Beibu Gulf and Northern Tianshan Mountain all have one first level indicator performing excellently and one indicator performing very badly. It indicates that they are examples of two polarized urban agglomerations. To be specific, Beibu Gulf possesses the best quality of life and a rather big urban-rural difference. Northern Tianshan Mountain does a very good job in urban-rural integration while has very low development efficiency. A high level of sustainable new urbanization is achieved by the harmonious development of different indicators. So, it is necessary for them to narrow the difference in levels of development among different indicators in the future.
Category 7: A main characteristic of Jinzhong, Hu-Bao-E-Yu, and Dianzhong is that no first level indicators perform very badly but of them perform badly. This is mainly due to the fact that these three urban agglomerations are all located in central and western China which has relatively low economic development, making it difficult to develop other aspects in a city. Nonetheless, despite the bad location, the mild climate and fewer immigrants, Jinzhong and Dianzhong possess a very high quality of life and Hu-Bao-E-Yu possesses good development efficiency.
Analysis Based on Basic Level Indicators
According to Table 8 , water coverage rate (Ss6) and gas coverage rate (Ss7) are two basic level indicators that have developed far better than the others. It implies that the development of a sustainable society is mainly based on the development of social infrastructure. Compared with the other two level indicators, basic level indicators have obvious bigger Max/Min values (most are more than 4) and CV values (most are more than 0.4). It indicates that the 20 urban agglomerations display distinct development disparities for basic level indicators, especially for the indicators of density of water supply and drainage pipelines in built-up districts, collections of public libraries per 100 persons, and gas coverage rate which has a rather big Max/Min value (more than 100). Table 9 shows that the correlation coefficients between comprehensive indicator, the six first level indicators and most basic indicators are all positive and significant. It reveals that the higher the level of sustainable new urbanization is, the higher the level of sustainable development elements within an urban agglomeration will generally present. However, there are several basic level indicators negatively correlated to the comprehensive indicator. These include daily water consumption per capita (D1), area of urban construction land per capita (D3), and annual average concentration of PM 2.5 (E4). It shows that waste of water resources, abuse of land resources, and air pollution are three big problems that are closely linked to traditional Chinese urbanization processes. Therefore, it is necessary to take some appropriate and timely measures to prevent these problems from worsening in order to achieve sustainable new urbanization. There are also some basic indicators showing low or no significant positive correlation with the comprehensive indicator. These include per capita building space of urban household (C2), the proportion of urban per capita consumption expenditure and urban per capita disposable income (C3), electricity consumption per unit of GDP (D2), ratio of Consumption Wastes Treated (E2), the proportion of tertiary industrial output-value (Se4), the proportion of public financial expenditure on education (Ss2), and number of Beds of Hospitals and Health Centers per 10000 population (Ss2). This implies that it is also necessary for government policy to focus more on the city elements of housing, consumption levels, electricity, waste treatment, industrial structures, education and health. Table 1 ); *, Significant at the 0.05 level (1-tailed); **, Significant at the 0.01 level (2-tailed).
Discussions and Suggestions
Reducing the Development Disparity of Cities Contained within an Urban Agglomeration
It is clearly that the level of sustainable new urbanization of an urban agglomeration directly depends on the development levels of all cities contained within it. According to Figure 6 , it can be seen that most basic indicators score less than 0.6 which has resulted in the lower scores for the six first level indicators and the low overall rating of the level of sustainable new urbanization in China. This illustrates that for each basic indicator, each urban agglomeration contains poorly developed cities. With the increase in the number of low level cities, the level of sustainable new urbanization of an urban agglomeration will deteriorate. Examples include cities like Beijing, Tianjin and Shijiazhuang in the urban agglomeration of Beijing-Tianjin-Hebei whose annual average concentration of PM 2.5 is higher than other cities resulting in providing poor environmental protection. Likewise, cities of Jinan and Yantai have a bigger urban-rural income and consumption ratio than other cities in the urban agglomeration of Shandong Peninsula, thus damaging the urban-rural integration. Therefore, it is necessary to reduce the development disparity of cities contained within an urban agglomeration. for government policy to focus more on the city elements of housing, consumption levels, electricity, waste treatment, industrial structures, education and health. 
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It is clearly that the level of sustainable new urbanization of an urban agglomeration directly depends on the development levels of all cities contained within it. According to Figure 6 , it can be seen that most basic indicators score less than 0.6 which has resulted in the lower scores for the six first level indicators and the low overall rating of the level of sustainable new urbanization in China. This illustrates that for each basic indicator, each urban agglomeration contains poorly developed cities. With the increase in the number of low level cities, the level of sustainable new urbanization of an urban agglomeration will deteriorate. Examples include cities like Beijing, Tianjin and Shijiazhuang in the urban agglomeration of Beijing-Tianjin-Hebei whose annual average concentration of PM 2.5 is higher than other cities resulting in providing poor environmental protection. Likewise, cities of Jinan and Yantai have a bigger urban-rural income and consumption ratio than other cities in the urban agglomeration of Shandong Peninsula, thus damaging the urban-rural integration. Therefore, it is necessary to reduce the development disparity of cities contained within an urban agglomeration. 
Strengthening Cooperation among Different Types of Urban Agglomerations
It is shown in Figure 7 that national urban agglomerations rank top for 18 of the 25 basic level indicators and eastern urban agglomerations rank top for one in 20 of the 25 basic level indicators. The 
It is shown in Figure 7 that national urban agglomerations rank top for 18 of the 25 basic level indicators and eastern urban agglomerations rank top for one in 20 of the 25 basic level indicators. The two ranking results, N > R > P and E > M > W, occur at an overwhelming frequency (more than 0.55) among all ranking results. It means national and eastern urban agglomerations dominate in almost every aspect of sustainable new urbanization development whilst provincial and western urban agglomerations lag far behind. Using the more advanced to bring along the less advanced is a development philosophy proposed in NNUP. Therefore, strengthening the communication between different types of urban agglomeration can help in the transfer of development experience and skills and help improve development efficiency. 
Measures to Improve Low Sustainable Development Level Indicators
Some common and implicit problems of sustainable new urbanization development in China and every urban agglomeration are pointed out in this paper. These include lack of environmental protection, low levels of economic development, natural resource abuse, and insufficient domestic demand, etc. High levels of sustainable new urbanization are reflected by sustainable and balanced development of various elements in a city. Sacrificing one element in order to achieve another one is unscientific and not agrees with the nature of sustainable development. Traditional urbanization has resulted in an abnormal urbanization development status in China and will greatly hinder the achievement of sustainable new urbanization. Hence, adopting key mitigation measures is a critical step in transitioning from traditional to sustainable new urbanization. Several specific measures are shown as follows:
(1) Setting up examination and evaluation mechanisms of environmental protection and ecological civilization. Then, imputing the mechanisms into the evaluation system of new urbanization development and establishing sound assessment and reward and punishment measures. (2) Maintaining reasonable control of the total energy consumption, accelerating the development of clean coal technology, promoting the production of natural gas, developing nuclear energy safely and efficiently, and speeding up the exploration of renewable energy, e.g. wind energy and solar energy. (3) Making fundamental changes to the economic growth mode and ensuring the efficient use of natural resources to achieve the goal of getting the biggest possible economic and social benefits using the least possible resources and with minimal environmental impact. 
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Setting up examination and evaluation mechanisms of environmental protection and ecological civilization. Then, imputing the mechanisms into the evaluation system of new urbanization development and establishing sound assessment and reward and punishment measures. (2) Maintaining reasonable control of the total energy consumption, accelerating the development of clean coal technology, promoting the production of natural gas, developing nuclear energy safely and efficiently, and speeding up the exploration of renewable energy, e.g. wind energy and solar energy.
Making fundamental changes to the economic growth mode and ensuring the efficient use of natural resources to achieve the goal of getting the biggest possible economic and social benefits using the least possible resources and with minimal environmental impact. (4) Increasing people's incomes, eliminating excessive income gaps, and enhancing the social security system to stimulate household consumption and boost domestic demand.
Guaranteeing the Implementation of Policies in NNUP
Implementation of specific measures and policies is the only way to turn a systematic theory analysis into reality. NNUP has set up a detailed planning implementation process, involving cooperation of all levels of government. However, the implementation of specific policies is a long, difficult and easily neglected process. In order to fully guarantee the implementation of NNUP, sufficient additional supporting measures need to be taken. In this paper, we propose three specific measures. First, strengthen the coordination between the governments and organizations at all levels and ensure regular supervision and measurement of progress. Governments and organizations at all levels should improve the implementation of NNUP by building a technical city management cadre. Second, it is necessary to select different regions or cities to carry out trial work and, according to the development realities in different urban agglomerations, to establish a diversity of local policies to ensure the smooth implementation of NNUP. Third, establishing and improving a unified evaluation index system to measure levels of sustainable new urbanization and standardize statistical calibers, statistical standards, and statistical systems in different regions.
Conclusions
In this paper, two main new characteristics of NNUP are used to evaluate the level of sustainability of new urbanization processes in 20 Chinese urban agglomerations. Six fundamental elements of a city are used to establish a three-level index system, and a Full Permutation Polygon Synthetic Indicator method is utilized to complete the evaluation. The results give a better understanding of how to achieve sustainable new urbanization. Sustainable development, as the core guiding principle of NNUP, will play a vital role in China's future as it transitions from the traditional mode of urbanization to a sustainable new one. It can be predicted that numerous sustainability studies about NNUP will surface soon. Taking 20 urban agglomerations as the study object is a new and challenging feat for Chinese urbanization research. Little relevant research could be referred to in the process. This paper has undertaken some exploratory studies on which evaluation method to choose and how to analyze the results.
NNUP is a short-term planning initiative whose main focus is on the transformation of urbanization development concepts. Due to the large number of problems associated with traditional urbanization, it can be predicted that in the future there will be more new urbanization planning approaches coming to the fore. So, it is necessary to take each step along the way cautiously. The creation of a sustainable new urbanization development environment is projected to be a long-term and arduous task, requiring the concerted efforts of managers, policy makers, and the general public.
